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(54) Apparatus and method for measuring chromatic dispersion distribution 



(57) A chromatic dispersion distribution measuring 
apparatus which can detemnine a sign of a dispersion 
value, and a measuring method thereof. The chromatic 
dispersion distribution measuring apparatus comprises: 
a plurality of light sources (1-4) for emitting lights having 
different wavelengths; an intensity measuring section 
for measuring a light Intensity of a four-wave mixed light 
caused by any two lights; as a function of a transriilssion 
distance; a chromatic dispersion calculating section for 



calculating a chromatic dispersion value of the optical 
device, in accordance with the light intensity; a time 
measuring section for measuring a propagation time of 
a reflected light caused by each light; and a sign deter- 
mining section for determining a sign of the chromatic 
dispersion value of the optical device, on the basis of 
two different chromatic dispersion values and two prop- 
agation times of reflected lights of two lights related to 
the two chromatic dispersion values. 
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Description 
BACKGROUND OF THE INVEI^tON 
Field of the Invention 

[0001] The present invention relates to a chromatic 
dispersion distribution measuring apparatus for meas- 
uring a chromatic dispersion distribution In an optical de- 
vice to be measured, such as an optical fiber, and a 
measuring method thereof: 

Description of Related Art 

[0002] In recent years, in order to satisfy demands for 
higher speed infonnatjon communications, optical com- 
munication systenns using optical fibers have been con- 
structed. One of the factors in preventing the higher 
speed signal transmission and the longer distance 
transmission in the above optical communication sys- 
tems, is the chromatic dispersion. The chromatic disper- 
sion is a phenomenon caused by the factor that the 
speeds of lights transmitted through a medium vary ac- 
cording to the wavelengths of the lights. In the construc- 
tion of the optical communication systems, It is neces- 
sary to grasp the chromatic dispersion characteristic in 
detail. 

[0003] A chromatic dispersion distribution measuring 
apparatus for measuring the above chromatic disper- 
sion is disclosed in, for example, Japanese Patent Ap- 
plication Publication No. Tokukai-Hei 10-B3006 (coae- 
sponding to the United States Patent No. 5,956.131 and 
the European Patent Application No. 0819926A2). In 
the publication, the chromatic dispersion distribution 
measuring apparatus measures the dispersion distribu- 
tion in a longitudinal direction of a fiber to be measured, 
as follows. Two lights having different wavelengths from 
each other are inputted into the fiber to be measured. A 
specific wavelength component is extracted by an opti- 
cal band-pass fitter from a four-wave mixed light caused 
by the interaction between backscattered lights of the 
two lights. A light having the extracted specific wave- 
length component Is Inputted into an Optical Time Do- 
main Reflectometer (OTDR). 
[0004] The Four-Wave Mixing (FWI^) Is a phenome- 
non, caused by the non-linearity of a plurality of lights 
having different wavelengths from each other In an op- 
tical fiber. For example, when two lights have wave- 
lengths XI and X2 respectively, a wavelength X3 of a 
light (Stokes ray) caused by this phenomenon and a 
wavelength X4 of a light (anti-Stokes ray) caused by the 
phenomenon satisfy the following equation (1 ). 



X2 - XI = XI • X4 = A.3 • X2 



(1) 



[0005] However,, in such a chromatic dispersion dis- 
tnl)ution measuring apparatus according to an eariier 



development, there armome problems as follows. 
[0006] The above-described dispersion distribution 
measured by the above-described OTDR generally has 
the different value according to the f iber to be measured,. 
5 and the fixed sign (positive (•»-) or negative (-)) to a ran- 
dom wavelength of inputted lights for every fber to be 
measured. That Is, the sign of the dispersion value is 
detemnined according to the fiber to be measured, re- 
gardless of the wavelength of the inputted light. 
'0 [0007] However, because the chromatic dispersion 
distribution measuring apparatus according to an eailier 
development, can measure only the absolute value of 
the above dispersion value, in order to measure the sign 
of the dispersion value, it is necessary to further provide 
. a measuring apparatus for measuring the sign of the dis- 
persion value besides the chromatic dispersion distribu- 
tion measuring apparatus. Therefore, because the 
whole measuring apparatus including the chromatic dis- 
persion distribution measuring apparatus according to 
^ an eariier development becomes complex, it has been 
desired that the functionality thereof is improved. 

SUMMARY OF THE INVENTION 

25 [0008] In order to solve the above-described prob- 
. lems, an object of the present Invention is to provide a 
chromatic dispersion distribution measuring apparatus 
which can determine the sign of the dispersion value, 
and a measuring method thereof. 

^ [0009] In accordance with a first aspect of the present 
invention, a chromatic dispersion distribution measuring 
apparatus (for example, an optical fiber chromatk: dis- 
persion distribution measuring apparatus 100 shown in 
FIG. 1), comprises: 

35 

a plurality of light sources (for example, four 
DFB-LDs 1 to 4 shown in FIG. 1) for emitting lights 
having different wavelengths from each other; 
an intensity measuring section (for example, an OT- 

^ DR 1 1 shown in FIG. 1 ) for measuring a light inten- 
sity of a four-wave mixed light which is caused by 
any two lights of lights emitted from the plurality of 
light sources and which is outputted from an optical 
device to be measured, as a function of a transmis- 

^ sion distance In the optical device, when the two 
lights are inputted into the optical device; 
a chromatic dispersion calculating section (for ex- 
ample, a PC 12 shown In FIG. 1) for calculating a 
chromatic dispersion value of the optical device, in 

50 accordance with the light intensity measured by the 
Intensity measuring section, as the function of the 
transmission distance; 

a time measuring section (for example, a PC 12 
shown in FIG. 1) for measuring a propagation time 
^ of a reflected light which is caused by each light of 
lights emitted from the plurality of light sources and 
which is transmitted from a predetermined point in 
the optical device, when each light is inputted into 
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the optical device; and 
a sign determining section (for example, a PC 12 
shown In FIG. 1 ) for determining a sign of the chro* 
matic dispersion value of the optical device, on the 
basis of two different chromatic dispersion values 
calculated by the chromatic dispersion calculating 
section, and two propagation times of reflected 
- lights caused by two lights related to the two chro- 
. matic dispersion values respectively, of lights emit- 
ted from the plurality of light sources. 

[0010] In accordance with a second aspect of the. 
present invention, a chromatic dispersion distribution 
measuring method, comprises: 

emitting a plurality of lights having different wave- 
lengths from each other; 

measuring a light intensity of a four-wave mixed 
light which is caused by any two lights of the pluratity 
of tights and which is outputted from an optical de- 
vice to be measured, as a function of a transmission 
distance in the optical device, when the two lights 
are inputted into the optical device; 
calculating a chromatic dispersion value of the op- 
tical device, in accordance with the light intensity 
measured as the function of the transmission dis- 
tance; 

measuring a propagation time, of .a reflectecl'*flg|^*^ 
which is caused by each light of the plurality of lights 
and which is transmitted frorn a predetenntned point 
In the optical device, when each light is inputted into 
the optical device; and 

determining a sign of the chromatic dispersion val- 
ue of the optical device, on the basis of two different 
chromatic dispersion values and two propagation 
times of reflected lights caused by two lights related 
to the two chromatic dispersion values respectively, 
of the plurality of lights. 

[001 1 ] In accordance with a third aspect of the present 
invention, a chromatic dispersion distribution measuring 
apparatus, comprises: 

at least four light sources for emitting lights having 
different wavelengths from each other; 
an intensity measuring section for measuring two 
different light intensities of two four-wave mixed 
lights which are caused by any two pains of lights of 
lights emitted from the light sources and which are 
outputted from an optical device to be measured, 
as functions of transmission distances in the optical 
device, when the two pairs of lights are inputted into 
the optical device, for every pair of lights; 
a chromatic dispersion calculating section for cal- 
culating two different chromatic dispersion values 
of the optical device, in accordance with the two 
light intensities measured by the intensity measur- 
ing section, respectively; 
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a time measuring section for measuring two differ- 
ent propagation times of two reflected lights one of 
which is caused by any one light of one pair of the 
two pairs of lights and transmitted from a predeter- 
mined point in the optical device, and the other of 
which is caused by any one light of the other pair of 
the two pairs of lights and transmitted from a pre- 
determined point in the optical device, when the one 
light of the one pair of lights and the one light of the 
other pair of lights are individually inputted into the 
optical device; and 

a sign determining section for determining a sign of 
the chromatic dispersion value of the optical device, 
on the basis of the two chromatic dispersion values 
calculated by the chromatic dispersion calculating 
section, and the two propagation times measured 
by the time measuring section. 



[0012] In accordance with a fourth aspect of the 
^ present Invention, a chromatic dispersion distribution 
measuring method, comprises: 



emitting at least four lights having different wave- 
lengths from each other; 

measuring two different light Intensities of two four- 
wave mixed lights which are caused by any two 
pairs of lights of the lights and which are outputted 
fiWr^ri^ be measured;;jlsl^iMc^^" 

of transmission distances in the optical device, 
when the two pairs of lights are inputted into the op- 
tical device, for every pair of lights; 
calculating two different chromatic dispersion val- 
ues of the optical device, in accordance with the two 
light intensities, respectively; 
measuring two different propagation times of two re- 
flected lights one of which is caused by any one light 
of oiie pair of the two pairs of lights and transmitted 
from a predetermined point in the optical device, 
and the other of which is caused by any one light of 
the other pair of the two pairs of lights and transmit- 
ted from a predetennined point in the optical device, 
when the one light of the one pair of lights and the 
one light of the other pair of lights are individually 
Inputted Into the optical device; and 
determining a sign of the chromatic dispersion val- 
. ue of the optical device, on the basis of the two chrq-, 
matic dispersion values and the two propagation 
times. 
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[001 3J According to the first, second, third or fourth 
aspect of the present invention, it is possible to realize 
a chromatic dispersion distribution measuring appara- 
tus having a high functionality, without providing an ap- 
paratus for determining the sign of (he chromatic disper- 
sion value of the optical device to be measured, to the 
chromatic dispersion distribution measuring apparatus. 
[0014] Preferably, the chromatic dispersion distribu- 
tion measuring apparatus accordirijg to the first aspect 
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of the present invention, furthmomprises: 

a chromatic dispersion distribution calcuiating sec- 
tion for caiculating a chromatic dispersion distribu- 
tion with a sign , of the optical device, in accordance 5 
with the sign of the chromatic dispersion value of 
the optical device, determined by the sign determin- 
ing section. 

[0015] Preferably, the chromatic dispersion distribu- to 
tion measuring method according to the second aspect 
of the present invention, further comprises: 

calculating a chromatic dispersion distribution with 
a sign, of the optical device, in accordance with the is 
sign of the chromatic dispersion value of the optical 
device. 

[0016] Preferably, the chromatic dispersion distribu- 
tion measuring apparatus according to the third aspect ^ 
of the present Invention, further comprises: 

a chromatic dispersion distribution calculating sec- 
tion for calculating a chromatic dispersion distribu- 
tion with a sign, of the optical device, in accordance 
with the sign of the chromatic dispersion value of 
the^optical device, determined by the sign detenmin- 



[0017J Preferably, the chromatic dispersion distribu- 30 
tion measuring method according to the fourth aspect 
of the present invention, further comprises: 

calculating a chromatic dispersion distribution with 
a sign, of the optical device, in accordance with the ^ 
sign of the chromatic dispersion value of the optical 
device. 

[0018] According to the apparatus or method as de- 
scribed above, it is possible to measure the chromatic <o 
dispersion distribution on the basis of the sign of the 
chromatic dispersion value of the optical device to be 
measured. without providing an apparatus tor determin- 
ing the sign of the chromatic dispersion value of the op- 
tical device to be measured, to the chromatic dispersion ^ 
distribution measuring apparatus. Consequently, it is 
possible to realize a chromatic dispersion distribution 
measuring apparatus having a further high functionality 
of outputting con^ect chromatic dispersion distribution 
data. 50 
[0019] Preferably, the chromatic dispersion distribu- 
tion measuring apparatus according to the third aspect 
of the present Invention, further comprises: 

a first optical switching section for providing any two 55 
pairs of lights of lights emitted from the light sourc- 
es, for every pair of lights, and any one light of one 
pair of the two pairs of lights and any one light of 



the other pair of the two pairs of lights, individually, 
to the optical device; and 
a second optical switching section for providing two 
four-wave mixed lights caused by the two pairs of 
lights, to the intensity measuring section , individu- 
ally, and two reflected lights caused by the one light 
of the one pair of the two pairs of lights and the one 
light of the other pair of the two pairs of lights, to the 
time measuring section, Individually. 

[0020] Preferably, the chromatic dispersion distribu- 
tion measuring method according to the fourth aspect 
of the present invention, further comprises: 

providing any two pairs of lights of the lights, for eve- 
ry pair of lights, and any one light of one pair of the 
two pairs of lights and any one light of the other pair 
of the two pairs of lights, individually, to the optical 
device; and 

providing twp four-wave mixed lights caused by the 
two pairs of lights, individually, to measure two dif- 
ferent light intensities, and two reflected lights 
caused by the one light of the one pair of the two 
pairs of lights and the one light of the other pair of 
the two pairs of lights, individually, to measure two 
different propagation times. 

fMjH]' : lill^brdahce wfflf^ 

invention, a chromatic dispersion distribution measuring 

apparatus, comprises: 

means for emitting at feast four lights having differ- 
ent wavelengths from each other; 
means for measuring two different light Intensities 
of two four-wave mixed lights which are caused by 
any two pairs of lights of the lights and which are 
outputted from an optical device to be measured, 
as functions of transmission distances in the optical 
device, when the two pairs of lights are inputted into 
the optical device, for every pair of lights; 
means for calculating two different chromatic dis- 
persion values of the optical device, in accordance 
with the two light intensities, respectively; 
means for measuring two different propagation 
times of two reflected lights one of which is caused 
by any one light of one pair of the two pairs of lights 
and transmitted from a predetermined point in the 
optical device, and the other of which Is caused by 
any one light of the other pair of the two pairs of 
lights and UBnsmitted from a predetermined point 
in the optical device, when the one light of the one 
pair of lights and the one light of the other pair of 
lights are individually inputted into the optrcat de- 
vice; and 

means for determining a sign of the chromatic dis- 
persion value of the optical device, on the basis of 
the two chromatic dispersion values and the two 
propagation times. 
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[0022] Preferably, the chromSIFdispersion distribu- 
tion measuring apparatus according to the fifth aspect 
of the present invention, further comprises: 

means for calculating a chromatic dispersion distri- 
bution with a sign, of the optical device, in accord- 
ance with the sign of the chromatic dispersion value 
of the optical device. 

[0023] Preferably, the chromatic dispersion distribu- 
tion measuring apparatus according to the fifth aspect 
of the present invention, further comprises: 

means for providing any two pairs of lights of the 
lights, for every pair of lights, and any one light of 
one pair of the two pairs of lights and any one light 
of the other pair of the two pairs of lights, Individu- 
ally, to the optical device; and 
means for providing two four-wave mixed lights 
caused by the two pairs of lights, Indhfldually, to 
measure two different light Intensities, and two re- 
flected lights caused by the one light of the one pair 
of the two pairs of lights and the one light of the other 
pair of the two pairs of lights , Individually, to meas- 
ure two different propagation times. 

BRIEF OESCRIPTtON OF THE DRAWINGS 

[0024] The present invention will become more fully 
understood from the detailed description given herein- 
below and the accompanying drawings which are given 
by way of Illustration only, and thus are not intended as 
a definition of the limits of the present invention, and 
wherein; 

FIG. 1 1s a block diagram showing a structure of an 
optical fitier chromatic dispersion distribution meas- 
uring apparatus 1 00 to which the present invention 

is applied; . 

FIG. 2 is a graph showing an intensity distribution 
of a FWM light outputted from an OTDR 11 of the 
optical fiber chromatic dispersion distribution meas- 
uring apparatus 1 00 shown in FIG. 1 ; 
FIG. 3 Is a flow chart for explaining a process for 
calculating a chromatic dispersion distribution in a 
fiber 14 to be measured, in the optical fiber chro- 
matic dispersion distribution measuring apparatus 
1 00 shown In FIG. 1 ; and 

FIG. 4 Is a flow chart for explaining a process for 
determining a sign of the chromatic dispersion dis- 
tribution In the optical fiber chromatic dispersion dis- 
tribution measuring apparatus 1 00 shown In FIG. 1 . 

PREFERRED EMBODIMENT OF THE INVENTION 

[0025] Hereinafter, an ennbodiment of the present in- 
vention will be explained In detail with reference to FIGS. 
1to4. 



itruBlure 



re of the embodiment will be 



[0026] Firstly, the stn 
explained. 

[0027] FIG. 1 is a block diagram showing a structure 
of an optical fiber chromatic dispersion distribution 
5 rneasuring apparatus 1 00 to which the present invention 
is applied. 

[0028] In FIG. 1 , the optical fiber chromatic dispersion 
distribution measuring apparatus 100 comprises four 
distributed feedback-laser diodes (DFB-LD) 1 to 4, two 

^0 couplers 5a and 5b. two optical switches 6a and 6b. an 
acoustooptic device 7, an erbium-doped fiber amplifier 
(EDFA) 8. a directional coupler 9, two optical bandpass 
filters (BPF) 1 0a and 1 0b, an optical time domain ref lec- 
tometer (OTDR) 11, a personal computer (PC) 12, a 

^5 . wavelength measuring unit 13. and so on. Further, a fib- 
er 14 to be measured is connected with the directional 
coupler 9 of the optical fiber chromatic dispersion distri- 
bution measuring apparatus 100. 
[0O29] The DFB-LDs 1 and 2 are light sources. The 

20 DFB-LD 1 emits a light having a wavelength Xl. The 
DFB-LD 2 emits a light having a wavelength X2 which 
is different from the wavelength X1 . The lights emitted 
from the DFB-LDs 1 and 2 are Inputted to the optical 
switch 6a through the coupler 5a connected to the 

2S DFB-LDs 1 and 2. 

[0030] The DFB-LDs 3 and 4 are light sources provid- 
ed in order to determine the sign of the chromatic dis- 
peiSiAoi^^ii^ The 
DFB-LD 3 emits a light having a wavelength X3. The 

30 DFB-LD 4 emits a light having a wavelength X4 which 
is different from the wavelength X3. The lights emitted 
from the DFB-LDs 3 and 4 are inpuned to the optical 
switch 6a through the coupler 5b connected to the 
DFB-LDs 3 and 4. 

35 [0031] The large and small relationship between the 
wavelengths XI and X2 of the lights emitted from the 
DFB-LDs 1 and 2 and the wavelengths X3 and X4 of the 
lights emitted from the DFB-LDs 3 and 4 satisfies the 
following inequality (2), 



40 



45 



50 



XI (X2) < X3 (X4) 



(2) 



[0032] The difference between the wavelength XI 
(X2) and the wavelength X3 (X4) is suffk:iently large. 
That is, the larger the difference between the wave- 
length X1 (X2) and the wavelength X3 (X4) is, the more 
correctly the sign of the chromatic dispersion distribution 
is detennlned. 

[0033] The coupler (coupler unit) 5a couples two 
lights having the wavelengths XI and X2 emitted from 
the DFB-LDs 1 and 2, respectively. Then, the coupler 
5a outputs the coupled tight to the optical switch 6a pro- 
vided In the following position thereof. The coupler 5b 
couples two lights having the wavelengths X3 and X4 
emitted from the DFB-LDs 3 and 4, respectively. Then, 
the coupler 5b outputs the coupled light to the optical 
switch 6a provided in the following position thereof. 
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[0034] The optical switch G^Rtputs any one of the 
coupled light based on the lights having the wavelengths 
XI and X2 outpuned from the coupler 5a and the coupled 
light based on the lights having the wavelengths X3 and 
X4 outputted from the coupler 5b, to the acoustooptic 9 
device 7 provided In the following position thereof. 
[0035] The optical switch 6b selects any one of the 
optical BPFs 10a and 10b provided In the following po- 
sitions thereof, as a device to which each of all reflected 
lights outputted from the fiber 14 to be measured Is in- io 
putted. Therefore, the optical switch 6b outputs each re- 
flected light to selected one of the optical BPFs 1 0a and 
10b. 

[0036] The acoustooptic device 7 fomns the wavefomi 
of the light inputted through the optical switch 6a to the f^ 
pulse form, and outputs the fonned pulse light to the ED- 
FA 8. 

[0037] The EDFA (Erbium-Doped Fiber Amplifier) 8 
amplifies the pulse light outputted from the acoustooptic 
device 7, and outputs the amplified pulse light to the dl- 20 
nectional coupler 9. 

[0038] The directional coupler 9 outputs the pulse 
light amplified by the EDFA 8 to the fiber 1 4 to be meas- 
ured. Further, the directional coupler 9 outputs the FWM 
light outputted from the fiber 1 4 to be measured, or the 2$ 
output lights (Herein, they are Fresnel reflected lights . ) 
corresponding to lights emitted from the DFB-LD 1 or 2 
and the DFB-LD 3 or 4 respectively, outputted from the 
fiber 14 to be measured, to the optical switch 6b. 
[0039] The optical EPF 1 0a passes a light (Herein, it 30 
is either a Stokes ray or an anti-Stol(es ray. ) having a 
specific wavelength out of the FWM light caused by 
lights emitted from the OFB-LDs 1 and 2. outputted from 
the fiber 14 to be measured. . 

[0040] The optical BPF 1 0b passes a light (Herein, it, » 
is either a Stokes ray or an anti-Stokes ray. ) having a 
specific wavelength out of the FWM light caused by 
lights emitted from the DFB-LDs 3 and 4, outputted from 
the fiber 1 4 to be measured. 

[0041] The OTDR 11 measures the loss distribution 4o 
(the optical fiber chromatic dispersion distribution) for 
the light inputted into the fiber 14 to be measured, on 
the basis of the light (the Stokes ray or the anti-Stokes 
ray) passed through the optical BPF 10a or 10b. The 
OTDR 1 1 measures the intensity distribution data of the 45 
FWM light, shown In FIG. 2. 

[0042] The PC (Personal Computer) 1 2 executes var- 
ious types of operating processes related to data out- 
putted from the OTDR 11. In particular, the PC 12 com- 
pares the chromatic dispersion value 01 con-esponding so 
to lights emined from the DFB-LDs 1 and 2 with the chro- 
matic dispersion value D2 corresponding to lights emit- 
ted from the OFB-LDs 3 and 4, in terms of values. Fur- 
ther, the PC 12 measures the propagation times T1 and 
T2 of the Fresnel reflected lights caused by lights emit- 55 
ted from the DFB-LD 1 or 2 and the DFB-LD 3 or 4 re- 
spectively, and compares the propagation time T1 with 
the propagation time T2. In terms of values. 
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[0043] Herein, in case the chromatic dispersion value 
increases with the increase of the propagation time of 
the light propagating through the optical fiber 14 to be 
measured, the sign of the chromatic dispersion value of 
the optical fiber 14 to be measured is a positive (-«>). On 
the other hand, in case the chromatic dispersion value 
decreases with the increase of the propagation time of 
the light, the sign of the chromatic dispersion value Is a 
negative (-). 

[0044] That Is, the PC 12 determines whether the op- 
tical f iberchromatic dispersion distn'butibn crosses a ze- 
ro point or noL In case the PC 12 determines that the 
optical fiber chromatk: dispersion distribution does not 
cross the zero point, the PC 12 detemnines whether the 
sign of the chromatic dispersion value of the fiber 1 4 to 
be measured is a positive or a negative on the basis of 
the relationship between the chronrtatic dispersion val- 
ues Dl and 02 and the relationship between the prop- 
agation times T1 and T2. 

[0045] For example, in case the PC 12 detennines 
that the relationship between the chromatic dispersion 
values D1 and D2 satisfies "01 < 02* , the PC 12 deter- 
mines the sign of the chromatic dispersion value, as fol- 
lows. When the PC 12 determines that the relationship 
between the propagation times T1 and T2 satisfies Tl 
< T2", the PC 12 determines that the.sign of the chro- 
matic dispersion value Is a positive (4-). On the other 
hand, when the PC 12 detennines that the relationship 
between the propagation times T1 and T2 satisfies Tl 
> T2", the PC12 detemnines that the sign of the chro- 
matic dispersion value is a negative (-). 
[0046] The wavelength measuring unit 13 monitors 
the waves of the coupled lights outputted from the cou- 
plers 5a and 5b. 

[0047] When two lights having different wavelengths 
from each other, emined from the DFB-LDs 1 and 2 or 
the DFB-LDs 3 and 4, are supplied to the fiber 14 to be 
measured through the directional coupler 9, the FWM 
light is generated in the fiber 14 to be measured, by the 
interaction between backscattered fights based on the 
two lights. Further, on a far surface of the fiber 14 to be 
measured, the Fresnel reflected light is generated by the 
mismatch of the reflective index. 
[0048] Next, the operation of the embodiment will be 
explained with reference to FIGS. 2 to 4. 
[0049] First, with reference to FIGS. 2 and 3, a proc- 
ess for calculating a chromatic dispersion distribution In 
the fiber 14 to be measured, on the basis of a waveform 
data of the FWM light outputted from the OTDR 11 , will 
be explained. 

[0050] FIG. 2 is a graph showing an intensity distribu- 
tion of the FWM light outpuned from the OTDR 11 . FIG. 
3 is a flow chart for explaining the process for calculating 
a chromatic dispersion distribution in the optica) fiber 14 
to be measured, in the optical fiber chromatic dispersion 
distribution measuring apparatus 100. 
[0051] In FIG. 2, an abscissa axis represents a trans- 
mission distance (km; Wlometer) in which the FWM light 
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outputted from the OTDR 11 ismsmitted through the 
fiber 1 4 to be measured. An ordinate axis represents an 
intensity (dB; decibel) of the FWM light, that is. an OTDR 
signal outputted from the OTDR 11 . 
[0052] As shown in FtG. 2, the intensity distribution 
data of the l=WM light outputted from the OTDR i1 to 
the PC 12 shows the intensity of the FWM light trans* 
mitted from each point of the fiber 14 to be measured, 
as a function of the transmission distance. That is, the 
intensity distribution data cyclically varies (oscillates) 
with the transmission distance. Therefore, it is possible 
that the transmission distance con^sponds to the phase 
e (X) in the cyclic variation (oscillation) of the intensity 
distribution. 

[0053] As shown in FIG. 3. the PC 12 executes the 
fast Fourier transfomi (FFT) of the intensity distribution 
data of the FWM light outputted from the OTDR 11 , in 
order to calculate the data expressed by a frequency 
spectrum (Step SI). Next, the PC 12 executes the in- 
verse Fourier transfomi (Inverse FFT) of only the data 
at positive frequencies In a plurality of the data ex- 
pressed by the frequency spectrum (Step S2). Thereby, 
the PC 12 calculates the data having the phase shifted 
by 90"* from the original Intensity distribution data of the 
FWM tight (Step S3). 

[0054] Then, the PC 1 2 plots the data obtained in the 
Step S3 on a complex plane (Step S4). The PC 12 cal- 
culates a phase difference Ae(X) between each two ad- 
jacent plotted data (Step S5). Therefore, the PC 12 cal- 
culates a chromatic dispersion value in accordance with 
the calculated phase difference Ae(X). 
[0055] Herein, the chromatic dispersion value calcu- 
lated as described above is an absolute value, that is , 
a positive value. 

[0056] Next, with reference to FIGS. 2 and 4, a proc- 
ess for determining the sign of the chromatic dispersion 
value will be explained. FIG. 4 Is a flow chart for explain- 
ing the process for detemrtining the sign of the chromatic 
dispersion value, in Jhe optical fiber chromatic disper- 
sion distribution measuring apparatus 100. 
[0057] As shown in FIG. 4, the PC 12 confirms that 
the chromatic dispersion distribution value, of the fiber 
14 to be measured, calculated in accordance with the 
Intensity dispersion data of the FWM light outputted from 
the OTDR 11 does not cross a zero point (Step S10). 
[0058] Then, the PC 12 measures the chromatic dis- 
persion value D1 of the FWM light caused by the lights 
having the wavelengths XI and A2, emined from the 
DFB-LDs 1 and 2 and inputted through the optical BPF 
10a and so on. Further, the PC 12 measures the chro- 
matic dispersion value D2 of the FWM light caused by 
the Ughts having the wavelengths X3 and X4, emitted 
from the DFB-IJ}s 3 and 4 and inputted through the op- 
tical BPF 10b and so on (Step S11). 
[0059] Then, the PC 12 measures the propagation 
lime (time to come back from the Fresnel reflected point) 
T1 of the Fresnel reflected light caused by the light hav- 
ing the wavelength XI or X2, emitted from the DFB-LD 



1 or 2 according to the operation of the optical switch 
6a, in the optical fiber 14 to be measured. Then, the PC 
1 2 measures the propagation time T2 of the Fresnel re- 
flected light caused by the light having the wavelength 
3 X3 or X4, emitted from the DF6-LD 3 or 4 according to 
the operation of the optical switch 6a, in the fiber 1 4 to 
be measured (Step SI 2). 

[0060] Then, the PC 1 2 detemilnes whether the chro- 
matic dispersion value D2 is larger than the chromatic 

10 dispersion value D1 or not (Step S13). 

[0061] In Step SI 3. in case the PC 12 detenmines that 
the chromatic dispersion value D2 Is larger than the 
chromatic dispersion value D1 (Step SI 3; Y), the PC 12 
detemiines whether the propagation time T2 is longer 

'5 . than the propagation time T1 or not, wherein the prop- 
agation times T1 and T2 are measured in Step SI 2 
(StepS14). 

[0062] In Step SI 4, in case the PC 12 detemnines that 
the propagation time T2 is longer than the propagation 

20 time T1 (Step SI 4; Y) , the PC 12 detemnines the sign 
of the chromatic dispersion distribution value in the fiber 
14 to be measured to be a positive (•*-) (Step S15). In 
case the PC detennines that the propagation time T2 is 
not longer than the propagation lime T1, that Is, the 

2s propagation time T1 is longer than the propagation time 
T2 (Step S14; N), the PC 12 detenmines the sign of the 
chromatic dispersion distribution value in the fiber 14 to 
be measured to be a negative (-) (Step S16)^.. 
[0063] In step SI 3. in case the PC 1 2 determines ttiat 

30 the chromatic dispersion value D2 is not larger than the 
chromatic dispersion value D1, that is, the chromatic 
dispersion value D1 is larger than the chromatic disper- 
sion value D2 (Step SI 3; N), the PC 12 determines 
whether the propagation time T1 is longer than the prop- 

35 agation time T2 or not, whether the propagation times 
T1 and T2 are measured in Step SI 2 (Step SI 7). 
[0064] In Step SI 7, in case the PC 12 determines that 
the propagation time T1 Is longer than the propagation 
time T2 (Step SI 7; Y), the PC 12 determines the sign 
of the chromatic dispersion distribution value in the fiber 
14 to be measured to be a positive {*) (Step Sl8). In 
case the PC detemiines that the propagation time T1 is 
not longer than the propagation time T2, that is, the 
propagation time T2 Is longer than the propagation time 

^ T1 (Step.SI 7; N), the PC 1 2 determines the sign of the 
chromatic dispersion distribution value in the fiber 14 to 
be measured to be a negative (-) (Step SI 9). 
[0065] As described above, the optical fiber chromatic 
dispersion distribution measuring apparatus 100 to 

so which the present invention is applied comprises four 
DFB-LDs 1 to 4 as light sources in order to determine 
the chromatic dispersion distribution of the fiber 14 to 
be measured and the sign of the chromatic dispersion 
distribution. The optical fiber chromatic dispersion dis- 
ss tribution measuring apparatus 100 measures the prop- 
agation times T1 and T2 of the Fresnel reflected lights 
caused by the lights emitted from the DFB-LD 1 or 2 and 
the DFB-LO 3 or 4 respectively. 
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[0066] The optical fiber chromnc dispersion distribu- 
tion measuring apparatus 1 GO detennnines the sign of the 
chromatic dispersion distribution to be a positive {¥) in 
case the chromatic dispersion value D2 is larger than 
the chromatic dispersion value D1 and the propagation 5 
time T2 is longer than the propagation time T1 » or in case 
the chromatic dispersion value D1 is larger than the 
. chromatic dispersion value 02 and the propagation time 
11 is longer than the propagation time T2. On the other 
hand, the optical fiber chromatic dispersion distribution io 
measuring apparatus 100 detemnines the sign of the 
chromatic dispersion distribution to be a negative (-) in 
case except the above-described case. 
[0087] The chromatic dispersion distribution measur- 
ing apparatus according to an earlier development can 15 
measure only the absolute value of the chromatic dis- 
persion distribution In the fiver 1 4 to be measured. How- 
ever, because the chromatic dispersion distribution 
measuring apparatus according to the present Invention 
further comprises two DFB>LDs 3 and 4 and two optical 20 
switches 6a and 6b, It is possible that the chromatic dis- 
persion distribution measuring apparatus detemnines 
the sign of the chromatic dispersion distribution easily. 
[0C68] That Is. It is possible to provide the optical fiber 
dispersion distribution measuring apparatus 100 com- 2S 
prising a superior functionality of easily determining the 
sign of the chromatic dispersion distribution, without fur- 
ther providing an apparatus for detentiining the sign of 
the- chromatic dispersion distribution to the measuring 
apparatus and.complicating the structure of the whole 30 
measuring apparatus. 

[0069] According to the present Invention, some ef- 
fects will be indicated, as follows. 
[0070] As described above. It is possible to realize a 
chromatic dispersion distribution measuring apparatus 3S 
having a high functionality, without providing an appa- 
ratus for determining the sign of the chromatic disper- 
sion value of the optical device to be measured, to the 
chromatic dispersion distribution measuring apparatus. 
[0071 ] Further, it Is possible to measure the chromatic 4o 
dispersion distribution on the basis of the sign of the 
chromatic dispersion value of the optical device to be 
measured, without providing an apparatus for determin- 
ing the sign of the chromatic dispersion value of the op- 
tical device to be measured, to the chromatic dispersion <s 
distribution measuring apparatus. Consequently, it is 
possible to realize a chromatic dispersion distribution 
measuring apparatus having a further high functionality 
of outputting con'ect chromatic dispersion distrft>ution 
data. $0 
[0072] The entire disclosure of Japanese Patent Ap- 
pitoatlon No. Tokugan 2001-58536 Hied on March 2, 
2001 including specification, clainns drawings and sum- 
mary are incorporated herein by reference in its entirety. 
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1. A chromatic dispersion distribution measuring ap- 
paratus, comprising: 

a plurality of light sources for emining tights 
having different wavelengths from each other; 
an Intensity measuring section for measuring a 
light Intensity of a four-wave mixed light which 
Is caused by any two lights of lights emitted 
from the plurality of light sources and which is 
outputted from an optical device to be meas- 
ured, as a function of a transmission distance 
in the optical device, when the two lights are 
inputted into the optical device; 
a chromatic dispersion calculating section for 
calculating a chromatic dispersion value of the 
optical device, in accordance with the light in- 
tensity measured by the intensity measuring 
section, as the function of the transmission dis- 
tance; 

a time measuring section for measuring a prop- 
agation time of a reflected light which is caused 
by each light of lights emitted from the plurality 
of light sources and which is transmitted from 
a predetermined point in the optical, device, 
when each light is inputted into the optical de- 
vice; and 

a sign detemining section for detemiining a 
- sign of the chromatic dispersion value of the op- 
tical device, on the basis of two different chro- 
matic dispersion values calculated by the chro- 
matic dispersion calculating section, arid two 
propagation times of reflected lights caused by 
two lights related to the two chromatic disper- 
sion values respectively, of lights emitted from 
the plurality of light sources. 

2. The chromatic dispersion distribution measuring 
apparatus as claimed in claim 1 , further comprising: 

a chromatic dispersion distribution calculating 
section for calculating a chromatic dispersion 
distribution with a sign, of the optical device. In 
accordance with the sign of the chromatic dis- 
persion value of the optical device, determined 
by the sign detennining section. 

3. A chromatic dispersion distribution measuring 
method, comprising: 

emitting a plurality of lights having different 
wavelengths from each other; 
measuring a light intensity of a four-wave mixed 
light which is caused by any two lights of the 
pturallty of lights and which is outputted from an 
optical device to be measured, as a function of 
a transmission distance in the optical device, 



8 



4. 



5. 



15 

Its a^^utte 



EP 1236 985 A2 



.16 



when the two lights amRputted into the optical 
device; 

calculating a chromatic dispersion value of the 
optical device, in accordance with the light in- 
tensity measured as the function of the trans- s 
mission distance; 

measuring a propagation time of a reflected 
light which Is caused by each light of the plural- 
ity of lights and which is transmitted from a pre- 
determined point in the optical device^ when 
each tight is inputted into the optical device; and 
detemnlntng a sign of the chromatic dispersion 
value of the optical device, on the basis of two 
different chromatic dispersion values and two 
propagation times of reflected lights caused by ^ ^ 
two lights related to the two chromatic disper- 
sion values respectively, of the plurality of 
lights. 

The chromatto dispersion distribution measuring 20 
method as claimed in claim 3, further comprising: 

calculating a chromatic dispersion distribution 
with a sign, of the optical device, in accordance 
with the sign of the chromatic dispersion value ^5 
of the optical device. 

A chromatic dispersion distribution measuring ap- 
paratus, comprising: 



at least four light sources for emitting lights hav- 
ing different wavelengths from each other; 
an intensity measuring section for measuring 
two different light intensities of two four-wave 
mixed lights which are caused by any two pairs 
of lights of lights emitted from the light sources 
and which are outputted from an optical device 
to be measured, as functions of transmission 
distances in the optk:al device, when the two 
pairs of lights are inputted into the optical de- 
vice, for every pair of lights; 
a chromatic dispersion calculating section for 
calculating two different chromatic dispersion 
values of the optical device, in accordance with 
the two light intensities measured by the inten- 
sity measuring section, respectively; 
a time measuring section formeasuring two dif- 
ferent propagation times of two reflected lights 
one of which is caused by any one light of one 
pair of the two pairs of lights and transmitted 
from a predetenmined point in the optical de- 
vice, and the other of which is caused by any 
one light of the other pair of the two pairs of 
lights and transmitted from a predetermined 
point in the optical device, when the one light 
of the one pair of lights and the one light of the 
other pair of lights are individually Inputted into 
the optical device; and 
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a sign determining section for detennining a 
sign of the chromatic dispersion value of the op- 
tical device, on the basis of the two chromatic 
dispersion values calculated by the chronr^tic 
dispersion calculating section, and the two 
propagation times measured by the time meas- 
uring section. 

6. The chromatic dispersion distribution measuring 
apparatus as claimed in daim 5, further comprising: 

a chromatic dispersion distribution calculating 
section for calculating a chromatic dispersion 
distribution with a sign, of the optical device . In 
accordance with the sign of the chromatic dis- 
persion value of the optical device, determined 
by the sign detennining section. 

7. The chromatic dispersion distribution measuring 
apparatus as claimed in claim 5. further comprising: 

a first optical switching section for providing any 
two pairs of lights of lights emitted from the light 
sources, for every pair of lights, and any one 
light of one pair of the two pairs of lights and 
any one light of the other pair of the two pairs 
of lights, individually, to the optical device; and 
a second optical switching section for providing 
two four- wave mixed lights caused by the two 
pairs of lights, to the intensity measuring sec- 
tion, individually, and two reflected lights 
caused by the one light of the one pair of the 
two pairs of lights and the one light of the other 
pair of the two pairs of lights, to the time meas- 
uring section, individually 

8. A chromatic dispersion distribution measuring 
method, comprising: 

emitting at least four lights having different 
wavelengths from each other; 
measuring two different light intensities of two 
four-wave mixed lights which are caused by 
any two pairs of lights of the lights and which 
are outputted from an optical device to be 
measured, as functions of transmission dis- 
tances in the optical device, when the two pairs 
of lights are inputted into the optteal device, for 
every pair of lights; 

calculating two different chromatic dispersion 
values of the optical device, in accordance with 
the two light Intensities, respectively; 
measuring two different propagation times of 
two reflected lights one of which is caused by 
any one light of one pair of the two pairs of lights 
and transmitted from a predetenmined point in 
the optical device, and the other of which is 
caused by any one light of the other pair of the 
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two pairs of tights and irBnsmitted from a pre- 
determined point in the optical device, when the 
one light of the one pair of tights and the one 
light of the other pair of lights are individuatly 
inputted into the optical device; and 
detemnining a sign of the chromatic dispersion 
value of the optical device, on the basis of the 
two chromatic dispersion values and the two 
propagation times. 

The chromatic dispersion distribution measuring 
method as claimed in claim 6, further comprising: 



from a predetennlned point in the optical de- 
vice, when the one light of the one pair of lights 
and the one light of the other pair of lights are 
indhrldually inputted into the optical device; and 
s means for detemiining a sign of the chromatic 

dispersion value of the optical device, on the 
basis of the two chromatic dispersion values 
and the two propagation times; 

10 12. The chromatic dispersion distribution measuring 
apparatus as claimed In claim 11, further compris- 
ing: 



calculating a chromatic dispersion distribution 
with a sign, of the optical device, in accordance 
with the sign of the chromatic dispersion value 
of the optical device. 



means for calculating a chromatic dispersion 
f ^ distribution with a sign, of the optical, device, in 

accordance with the sign of the chromatic dis- 
persion value of the optical device. 



10. The chromatic dispersion distnbution measuring 
method as claimed in claim 8, further comprising: 

providing any two pairs of lights of the lights, for 
every pair of tights, and any one light of one pair 
or the two pairs of lights and any one light of the 
other pair of the two pairs of lights, individually, 
to the optical device; and 
providing two four-wave mixed tights caused by 
the two pairs of lights, individually, to measure 
two different light intensities, and two reflected 
lights caused by the one light of the one pair of 
the two pairs of lights and the one light of the 
other pair of the two pairs of lights, indivldualty, 
to measure two different propagation times. 

11. A chromatic dispersion distn*bution measuring ap- 
paratus, comprising: 

means for emitting at least four lights having dif- 
ferent wavelengths from each other; 
means for measuring two different light intensi- 
ties of two four-wave mixed lights which are 
caused by any two pairs of lights of the lights 
and which are outputted from an optical device 
to be nteasured, as functions of transmission 
distances in the optical device, when the two 
pairs of tights are inputted into the optical de- 
vice, for every pair of lights; 
means for calculating two different chromatic 
dispersion values of the optical device, in ac- 
cordance with the two light intensities, respec- 
tively; 

means for measuring two different propagation 
. times of two reflected lights one of which is 
caused by any one light of one pair of the two 
pairs of lights and transnrtitted from a predeter- 
mined point in the optical device , and the other 
of which is caused by any one light of the other 
pair of the two pairs of fights and transmitted 



13. The chromatic dispersion distribution measuring 
apparatus as claimed In claim 11, further compris- 
ing: 



means for providing any two pairs of lights of 
the lights, for every pair of lights, and any one 
light of one pair of the two pairs of lights and 
any one light of the other pair of the two pairs 
of lights, Individuatly. to the optical device; and 
means for providing two four-wave mixed lights 
caused by the two pairs of lights, individually, 

30 to measure two different light intensities, and 

two reflected lights caused by the one tight of 
the one pair of the two pairs of lights and the 
one light of the other pair of the two pairs of 
lights, individually, to measure two different 

^ propagation times. 
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